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Purpose: To evaluate complicated aortoiliac and lower extremity arterial bypass grafts 
with contrast-enhanced subtraction magnetic resonance angiography (MRA). 
Methods: Twenty-three patients with 40 vascular grafts with either clinical symptoms or 
abnormal duplex findings were selected. They were examined using a fast Tl-weighted 
gradient-echo sequence. Twelve to 19 coronal sections of 5 to 8 mm were acquired before 
and after an intravenous bolus injection of gadolinium (0.1 mmol/kg) in 25 to 40 
seconds. Final images were created by subtracting each precontrast section from its 
corresponding postcontrast ection. The MRA was obtained after subtraction and maxi- 
mum intensity projection. 
Results: MRA detected 38 grafts (95%) with 28 abnormalities. Two stenoses were 
overestimated. MRA had a sensitivity of 91% and a specificity of 92% for diagnosis of 
graft stenoses and occlusions. MRA brought out more information in five cases by 
demonstrating four nonthrombotic e tasias that were unseen by duplex sonography and 
one thrombotic ectasia that was unseen by x-ray angiography. 
Conclusions: MRA seems to compare favorably with x-ray angiography for the diagnosis 
of arterial bypass graft complications. A multicenter t ial will be necessary to validate 
these preliminary results and to assess the exact role of MRA compared with the other 
established techniques. (J Vasc Surg 1997;26:1036-42.) 
Eighty percent of venous bypass graft stenoses 
occur during the first year after surgery, and almost 
all occur during the first 18 months. The incidence of 
this complication is 12% at 1 year and very often 
happens with no clinical symptoms (60%). 1 Thus a 
surveillance program must be set up to depict these 
failures in time to enable a corrective action for sec- 
ondary patency. 2,3 Duplex sonography (DS) is the 
main follow-up method, and surveillance criteria 
such as anlde-brachial index, midgraft peak systolic 
flow velocity, velocity ratio before and after stenosis, 
and duplex scanning of the entire graft have been 
successfully tested. 4-6 X-ray angiography is per- 
formed after DS has diagnosed a complication and 
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when a vascular intervention is needed. However, 
x-ray angiography, considered as the "gold stan- 
dard," is cumbersome and invasivc. 
Magnetic resonance angiography (MRA), based 
either on time-of-flight or phase contrast, has shown 
limitations for the evaluation of arterial bypass graft 
patency because of its small field of view, long imag- 
ing time, and flow and magnetic-susceptible arti- 
facts. 7q4 Contrast-enhanced MRA is a reliable imag- 
ing technique, as already reported, ls-21 The purpose 
of this prospective study was to evaluate this tech- 
nique for the assessment of  fairing arterial bypass 
grafts in comparison with x-ray angiography and du- 
plex ultrasound. 
MATERIALS AND METHODS 
Thirty patients with arterial bypass grafts who 
were referred for x-ray angiography after DS showed 
graft dysfunction were included in this study from 
January to November 1995. Five patients with acute 
ischemia, neurologic symptoms, or both and two 
patients who had a contraindication to magnetic res- 
onance (MR) imaging were excluded Main MR ira- 
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Table I. Location of bypass grafts 
Location No. 
Aortobifemoral 9 
Aortoiliac 3 
Aortic tube 5 
Axillobifemoral 2 
Femoropopliteal I9 
Femoral cross-over 2 
Total 40 
Table II. Comparison of MR imaging 
parameters of aortoiliac arteries and arteries 
of the lower extremities 
Aortoiliac arteries Lower extremities 
Scan delay (sec) 10 to 15 20 to 30 
Section thickness (mm) 8 5 
Numbers of sections 12 19 
Acquisition duration of 25 40 
each data set (sec) 
FOV (cm) 30 to 50 50 
aging contraindications are pacemakers, metallic oc- 
ular implants, some heart valvcs, and intracranial 
clips. Thus 23 patients with 40 arterial bypass grafts 
were examined by MRA within 5 days of x-ray an- 
giography. There were 19 large-caliber grafts, in- 
cluding aortoaortic, aortobifemoral, and aortoiliac 
grafts. There were 21 small-caliber grafts, such as 
axillofemoral and femoropopliteal grafts (Table I). 
The group consisted of 22 men and one woman who 
had a mean age of 64 years (range, 42 to 82 years). 
These patients were referred for preoperative x-ray 
angiography in case of symptoms uch as claudica- 
tion (n = 9), rest pain (n = 4), abdominal pain (n = 
2), and abnormal control DS results (n = 8) for 
routine follow-up. 
MR images were obtained using a 1.5 T whole- 
body Magnetom SP System (Siemens) with a circular 
polarized body coil for excitation and signal detec- 
tion. The peak gradient amplitude was 10 mT/m,  
with a ramp time to peak amplitude of i millisecond. 
MRA was performed using a fast gradicnt-echo se- 
quence with a large field of view (FOV) of 50 cm. 
The imaging parameters included a flip angle of 90 
degrees, repetition time of 122 to 200 milliseconds, 
echo time of 5 milliseconds, and a 256 × 192 matrix. 
For aorta and iliac arteries, 12 coronal slices of 8 
mm were used, during a 25-second breath hold. For 
lower limb arteries, we used 19 coronal slices of 5 
mm in 40 seconds with no breath hold (Table II). 
Three sets of identical coronal sections were then 
acquired consecutively. The first set of data was ac- 
quired without contrast media. The second and third 
sets were collected under identical conditions after 
an intravenous bolus injection of 0.1 mmol/kg of 
gadopentetate dimeglumine with a power injector (5 
ml/sec) placed outside the magnet room. A 20 ml 
normal saline solution "chaser" was given with the 
same power injector to ensure injection of the entire 
contrast agent dose. For long grafts such as axil- 
lofemoral grafts and for sequential grafts that re- 
quired a larger FOV of 100 cm, two contiguous 
coronal acquisitions were obtained with a bolus 
injection of gadoterate meglumine at each. For the 
lower extremities, there was no delay between acqui- 
sition of mask images and gadolinium-enhanced im- 
ages because there was no breath hold. For the aor- 
toiliac level, there was a 5-second elay to allow the 
patient o perform another breath hold. The patient 
was asked to stop breathing at the same level of 
inspiration or expiration according to the patient's 
preference. 
On a standard MR console, subtraction images 
were created by subtracting each of the precontrast 
sections from its corresponding postcontrast ection 
of the two injected studies. Thus two MR angio- 
grams were obtained from each of the subtracted 
images using the maximum intensity projection algo- 
rithm. The first MR angiogram corresponded with 
an early arterial phase, whereas the second angio- 
gram gave information on late arterial circulation. 
Two radiologists (PCD, KB) reviewed all un- 
processed two-dimensional coronal sections and all 
MR angiograms. They were blinded to angiographic 
and duplex son0graphic findings. In case of disagree- 
ment, images were reevaluated by the two readers for 
a final consensus grade. The radiologist evaluated the 
following areas: bypass graft, proximal and distal 
graft anastomosis, and prebypass and postbypass 
graft segments. An aneurysm was defined as a focal 
increase in arterial diameter 50% or more than the 
diameter of the graft or the adjacent normal vessel. 
Stenoses were defined as severe or moderate if the 
diameter eduction was higher or lower than 50%. 
The percentage of stenosis was calculated as (Dn - 
Ds) /Dn X 100, where Dn is the diameter of the 
normal segment, usually 2 cm proximal to the steno- 
sis, and Ds is the diameter ofthc stenotic region. 
The graft was defined as patent if it could be 
depicted on all its course. The diagnosis of graft 
occlusion was made when there was a complete loss 
of signal intensity on the graft's course. 
X-ray angiography was performed by means of 
the standard femoral approach. A 5F pigtail catheter 
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Fig. 1. MRA of right occluded femoropopliteal graft ob- 
tained uring late arterial phase (second postconn-ast et of 
data). Collateral vessels from profunda femoral artery and 
two patent runoff vessels are well depicted at this phase. 
However, venous uperimposition is also seen. 
was used for injection of nonionic contrast material. 
The routine injection volume was 80 ml injected at a 
rate of 10 ml/sec. The angiograms were obtained 
with a standard radiographic cut film technique. In- 
traarterial digital subtraction angiography supple- 
mented conventional angiography w en other views 
were necessary to more precisely describe a lesion. 
All duplex ultrasound examinations were per- 
formed with a 3.5 MHz or 7.5 MHz electronically 
focused linear transducer. Velocity determinations 
were performed at an insonating angle of 60 degrees 
or less. The diagnosis ofstenosis was based on angle- 
corrected eterminations of peak systolic velocity at 
the stenosis compared with measurement of peak 
systolic velocity in the segment proximal to the ste- 
nosis. An increase of more than 100% defined a 
severe stenosis (50% to 99% diameter eduction). 
Graft occlusions were diagnosed with duplex ultra- 
sound when no flow was demonstrated despite at- 
tempts to maximize sensitivity to slow flow by in- 
creasing Doppler gain, decreasing scale, and 
increasing sample volume. 
The study was performed under a protocol ap- 
proved by our institutional review board, and in- 
formed consent was obtained from all patients ac- 
cording to its guidelines. The sensitivity and 
specificity for diagnosing stenoses and graft occlu- 
sions were calculated by use of the combination of 
duplex ulta'asound and angiographic findings as the 
reference standard. 
RESULTS 
In this study there were 20 patent bypass grafts 
and 20 complicated grafts. MRA detected 38 out of  
40 arterial bypass grafts, equivalent to 95%. MRA 
failed to detect he bypass grafts in two cases. These 
were the first MRAs performed, and bad synchroni- 
zation between gadolinium injection and acquisition 
accounts for the lack of vessel enhancement. One of 
these grafts was occluded, and the other was patent 
(Fig. 1). Table III shows all the complications diag- 
nosed by the three imaging methods. X-ray angiog- 
raphy and DS results are combined so that each graft 
lesion has the most appropriate description. Some 
grafts had more than one complication. There were 
two false positive results, as MRA overestimated a 
stenosis at a proximal anastomosis and another ste- 
nosis on the distal part of femoropopliteal grafts (Fig. 
2). Thus MRA had a sensitivity of 91% and a specific- 
ity of 92% for the description of graft stenoses and 
occlusions. A thrombosed femoropopliteal graft was 
related to an arteriovenous fistula between external 
iliac vessels. MRA demonstrated both the occlusion 
and the fistula. For one of the patients who had 
abdominal pain MRA showed no complication on 
the graft itself, but analysis of the native coronal slices 
demonstrated a compressive lymphocele on the uri- 
nary tract. 
Similar to x-ray angiography, MRA revealed two 
abdominal aortic aneurysms that had developed on 
the pregraft segment of an aortic tube and of an 
aortoiliac graft. Two iliac aneurysms were also dis- 
covered on postgraft segments. MRA brought out 
more information than DS by demonstrating four 
nonthrombotic ectasia unseen by DS. These were 
deep in the pelvis and were located on the distal 
anastomosis of aortoiliac grafts. In addition, MRA 
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visualized one thrombotic ectasia on the distal anas- 
tomosis of an aortofemoral graft that was diagnosed 
by duplex ultrasound and missed by x-ray angiogra- 
phy. 
DISCUSSION 
The first MRA time-of-flight studies were prom- 
ising by demonstrating the superiority of MRA to 
accurately identify small vessels that were unseen by 
x-ray angiography. A recent study showed no signif- 
icant difference in primary graft patency and limb 
salvage rates between patients with bypass grafts to 
runoff vessels een by MRA alone and those to runoff 
vessels seen by x-ray angiography. 7,8 A uniform 
agreement was also found to describe arterial anat- 
omy below the inguinal ligament in patients with 
lower extremity occlusive disease. 9qa In the study by 
Cambria et al.,9 six of 24 patients underwent vascular 
intervention, bypass grafting, or balloon angioplasty 
with MRA findings alone and had favorable results. 
Hoch et al?0 made independent management plans 
on the basis of separate reviews of MRA and digital 
subtraction angiographic data. They had agreement 
in 90% of the cases. Thus they showed that MRA was 
sufficient, in combination with the patient's physical 
examination and segmental imb pressures with 
plethysmography, to program revascularization pro- 
cedures. 1° Yucel et al.ll had a sensitivity of 100% for 
depicting occlusions and distinguished long occlu- 
sions from short occlusions and stenoses. Turnipseed 
and Sproat, 22 in assessing failure of lower extremity 
bypass grafts with MRA, had a correlation of 75% 
with x-ray angiography when blinded to angio- 
graphic and DS data. The correlation was improved 
to 95% when the MRA results were compared with 
those of color flow scanning. 22 However, this 
time-of flight technique has shown some practical 
limitations, such as a small FOV, long imaging time, 
and flow artifacts. 
Contrast-enhanced MRA is an evolving noninva- 
sive technique that has been investigated in ma W 
areas to determine its accuracy.~ 5-2~ In our study this 
technique, which combines contrast mcdia bolus in- 
jection with subtraction, demonstrates it accuracy in 
the assessment of arterial bypass graft complications. 
Effectively, with the advent of fast gradient-echo se- 
quences, it is now possible to detect he arterial phase 
of a properly timed bolus of  intravenous contrast 
material in a large volume of a patient's anatomy. 
MRA provides avascular map of the pelvic and lower 
limb arteries with a minimally invasive technique. 
With a trained team, the whole examination time is 
around 15 minutes, with an acquisition time of 25 to 
Table I I I .  Graft complications 
X-ray and duplex 
ultrasound MRA 
Focal graft stenosis 3 5 
Occluded graft 9 8 
Anastomotic hrombotic e tasia 1 1 
Anastomotic uonthrombotic 6 6 
ectasia 
Nonthrombotic e tasia on graft 2 2 
course 
Aneurysm on pregraft or 4 4 
postgra£t segment 
Compressive lymphocele 1 1 
Arteriovenous fi tula 1 1 
65 seconds, depending on the explored region (Ta- 
ble II) and on the necessity of repeating contiguous 
acquisitions in case of long or sequential grafts. 
Compared with x-ray angiography, obvious ad- 
vantages of MRA include elimination of potential 
complications related to arterial puncture and iodin- 
ated contrast media administration. In terms of 
health care costs, MRA is more appealing. In our 
institution an MRA examination with gadolinium 
injection costs 400 U.S. dollars and an x-ray angio- 
graphic examination costs 500 U.S. dollars, to which 
one adds 1000 U.S. dollars for a 24-hour hospitaliza- 
tion. 
In addition, x-ray angiography may not show 
some lesions, such as thrombotic ectasia. It gives no 
information on the surrounding structures, such as 
the existence of a compressive lymphocele in our 
study. 
MRA provides a vascular map and, compared 
with DS, allows better visualization of the aortoiliac 
region and anastomosis.-Iliac nd popliteal anasto- 
moses, in particular, are difficult to analyze with ul- 
trasound, and some anastomotic ectasia may be 
missed (four out of six in our study). 
Similar to conventional ngiography, the conta:ast 
obtained in the arteries enables the depiction of the 
filled residual umen in partially thrombosed aneu- 
rysms. In addition, precontrast or postcontrast images 
before subtraction demonstrate ctasia extensions 
and external dimensions that are underestimated by
x-ray angiography. 
In our study, with a sensitivity of 91% and a 
specificity of 92%, the errors in interpretation were 
explained by FOV limitations and metallic clips, as 
for Turnipseed and Quinn, 14,22 and misadjustment 
of bolus timing. These problems are preventable. 
Larger FOVs are necessary to cover the full anat- 
omy of extremities. 23Severa ! acquisitions are other- 
wise compulsory with gadolinium injections at each. 
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Fig. 2. Stenosis of distal part of a left femoropopliteal graft. A, Duplex ultrasound and x-ray 
angiogram demonstrate moderate stenosis (arrow), whereas MRA (B) during early arterial 
phase (first postcontrast et of data) overestimates it (arrowhead). This accounts as a false- 
positive result. With both techniques, recurrent flow in the end part of the superficial femoral 
artery is shown. 
This leads to an increase of expense in examination 
time and gadolinium administration. Technical im- 
provements such as larger coils and magnets need to 
be exploited to gain in FOV size. 
Future improvements can be expected from in- 
creased spatial resolution with phased-array coil and 
three-dimensional techniques. Our results were ob- 
tained with two-dimensional data. Three-dimension 
data acquisition may provide even more helpful in- 
formation. The resulting isotropic voxels will provide 
mulfiplanar reformation of the graft. These reforma- 
tions could thoroughly describe the complicated 
area .  
Artifacts linked to metallic clips are very prejudi- 
cial to a correct analysis of  the concerned region 
because they create a loss of  signal. Most often, the 
clips are on the anastomofic site where most of  the 
complications occur. As MRA is becoming a com- 
mon diagnostic tool, the use of a nonferrous mag- 
netic surgical clipping device should be developed to 
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solve this problem. Otherwise, stronger and faster 
gradients may allow reduct ion o f  echo t ime to fur- 
ther reduce susceptibil ity artifacts from metallic clips. 
Subtract ion al lowed the el imination o f  stationary 
tissue and high-intensity material such as fat and 
resulted in better vessel - to-background contrast. 
This advantage al lowed a single dose of  gadol in ium 
injection and thus al lowed, if necessary, a repeat 
injection for increased anatomical  coverage. Further-  
more,  subtract ion o f  precontrast and postcontrast 
data o f  this second acquisit ion el iminated the re- 
maining venous signal from the previous injection. 
However ,  in some cases subtract ion quality was ham- 
pered by bowel and respiratory mot ion  at the aor- 
toiliac level and by patient mot ion  o f  the lower ex- 
tremities. 
Wrong t iming led to either absence of  vessel 
enhancement  in case o f  slow flow or to venous super- 
imposit ion i f  the delay for acquisit ion was too long. 
Techniques in synchronizing the acquisit ion to the 
bolus arriv~il, such as those used with helical com- 
puted tomographic  scanning, are a work in progress. 
T ime-resolved contrast-enhanced MRA,  such as de- 
veloped by Korosec et al. 24 seems very promising 
because it gives real hemodynamic  information and 
ensures maximal detect ion o f  the contrast agent. 
These improvements will provide a high-signal an- 
g iogram with no venous super imposi t ion? 4 
CONCLUSION 
In this study we have shown that gadol in ium- 
enhanced subtracted MRA can detect graft compli-  
cations such as occlusions, stenoses, and aneurysms. 
I t  should have an increasing rol e in the assessment o f  
compl icated bypass grafts. Coupled to duplex ultra- 
sound screening, it would  allow a much less-invasive 
management  o f  patients who have failing arterial 
bypass grafts. However,  a mult icenter trial is neces- 
sary to validate these prel iminary results and to assess 
the exact role o f  MRA compared with the other 
established techniques. 
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